A lichen survey at South Sister, northeastern Tasmania, has yielded 234 taxa. Zahlbr. and Mycoporum anteceflens (Ny!.) R.C. Harris. Ihe survey represents the first of its kind for any dolerite peak in Tasmania, and serves as a benchmark for future studies. Aspects oftbe distribution and ecology of the flora, the occurrence of rare, threatened or otherwise unusual species, and significant range extensions are discussed. 'lhe effect of metal-rich run-off from galvanised structures is identified as a potential threat to the flora values of the site.
INTRODUCTION
South Sister ( 41 °32' S 148° lO'E) is a small dolerite pinnacle about 800 m a.s.l. in northeast Tasmania, overlooking the settlement of St Marys. Located within State Forest, the peak is a popular vantage point for bushwalkers, rock climbers and naturalists, as well as being the site for several telecommunications installations. A proposal (in 2005) to harvest timber from a coupe on its southern slopes generated intense interest in the area, as well as considerable opposition from members of the local community. The campaign against logging led to the compilation of extensive data on various aspects of the area, including its natural history. The history of the campaign and much of this information is available at http:/ /www.southsister.org.
As part of the study of the natural history of South Sister, a survey of lichens was conducted, revealing a diverse and interesting flora, rich in seldom-encountered species. In view of the paucity of sound inventory data for lichens for much of Tasmania, we present our results here to serve as a benchmark for future lichen surveys of Tasmania' s peaks, and as a permanent record of the many significant species recorded.
METHODS
Fieldwork was conducted by GK and JAE on 10-11 November 2004, and by GK and SJJ on 31 August 2006 and 22 November 2007. The proposed logging coupe was examined although most effort was concentrated on the pinnacle and its immediate environs. Work was conducted within a broad band from the car park at 750 m a.s.l., along the walking track to the pinnacle, on the scree slopes of the pinnacle itself, and along the small rock-climbers' tracks on the slopes that lead to numerous rocky tors. A preliminary overview identified the following major lichen habitats: wet scrub, rock scree, large cliffs and tors, eucalypt woodland and relict rainforest (pis 1-2). The subsequent lichen survey was structured around this classification.
Collections were made of all species for identification or confirmation of identification in the laboratory. Identifi cation involved morphological examination, anatomical examination using high-power microscopy, chemical analyses using standard methods (Orange et al 2001) and comparison with reliably identified herbarium reference specimens. Vouchers of all species recorded are housed at the Tasmanian Herbarium (HO), with some additional material at the Centre for Plant Biodiversity Research in Canberra (CANB). For taxa not identified to species rank, a reference specimen number (e.g., GK 300/06) is provided in parentheses in appendix 1.
Species nomenclature follows McCarthy (2008) . Nomenclature of ascus types follows Hafellner (1984) .
RESULTS

Overview of the vegetation
The upper slopes of South Sister carry open forest dominated by Eucalyptus delegatensis R. Baker. The eucalypts become shorter and more widely dispersed towards the pinnacle and the taller understorey shrubs and trees become increasingly prominent, and dominate where the eucalypts are absent. The most common of these species are Bedfordia salicina (Labill.) DC., Tasmannia 
Lichen inventory
In all, 234 lichen taxa were recorded (appendix 1). This figure includes 16 species that are recorded for Tasmania for the first time; diagnoses, notes and lists ofreference specimens for these are given below. Two species new to science were discovered during the survey and have been published elsewhere: Punctelia transtasmanica Elix & Kantvilas, also known from Flinders Island and New Zealand (Elix & Kantvilas 2005) , and Trapelia lilacea Kantvilas & Elix, widespread on dolerite in the Tasmanian highlands (Kantvilas & Elix 2007) ; the latter has since been recorded in New Zealand (D.J. Galloway, pers. comm.) . Additional new species are likely to be present amongst the, as yet, not fully identified material, but await future study.
New records
Acarospora veronensis A. Massa!., Ric. Auton. Lich. Crost.: 29 (1852) Thallus areolate, reddish brown; areoles plane to convex to somewhat bullate, dispersed or contiguous, 0.5-1 mm wide, rounded to ± rhomboid; apothecia 1-3 per areole, 0.1-0.5 mm wide, rather sunken and crater-like, with a concave, reddish or blackish brown disc; hymenium 60-100 rm thick; ascospores very numerous in the ascus, 3-5 x 1.5-2 rm. Containing no substances detectable by t.l.c. See Purvis & James (1922) for more details.
At South Sister, this species occurred very abundantly on dolerite rock plates where zinc-rich run-off from galvanised sheds and fences has cleared the rock surface of almost all "naturally-occurring" lichens. In this unusual habitat, it is associated with Candelariella vitellina and Lecanora polytropa. Elsewhere in Tasmania, it has been found in nutrient-enriched sites (from human urine) such as occur around shelter huts in bushwalking areas. Thallus immersed to absent; fruiting bodies arthonioid, 0.2-0.5 mm roundish, convex, basally constricted; hymenium orange-yellow with numerous reddish brown granules, K+ vivid magenta; ascospores broadly ellipsoid, at first hyaline, soon becoming grey-brown, 29-32 x 11-15 rm, macrocephalic, with a prominent terminal, undivided cell and amuriform "tail" having 3-5 transverse and 0-2 longitudinal septa. See Coppins & James (1979) as Arthothelium ilicinum var. reagens (= A. macounii) for further details.
The Tasmanian specimens are from sheltered underhangs on dolerite in wet scrub. The discovery in Tasmania of this uncommon species, previously known only from western Scotland and British Columbia, represents a remarkable range extension. Superficially the Tasmanian specimens differ from typical material by their saxicolous habitat (elsewhere this species is an epiphyte) and the rather convex, almost subglobose fruiting bodies (normally these are Rat and adnate); however, the latter feature may be interpreted as a function of the habitat. Anatomically, the similarity of the Tasmanian specimens to northern hemisphere material is unequivocal. There is another, as yet undescribed Arthothelium species in Tasmania that also displays an identical K+ magenta reaction in the fruiting bodies, but this differs by having larger ascospores (38-43 x 18-20 Rambold (1989) for further details. This saxicolous species is also known from the Antarctic Peninsula, South Shetland Islands and mainland Australia (Rambold 1989 , 0vstedal & Lewis-Smith 2001 . With its conspicuous thallus of bullate areoles, it is easily detected in the field, although there are some, as yet unidentified, superficially similar species growing in identical habitats in the Tasmanian flora. Anatomically it is best identified by its Catillaria-type asci and 0-1-septate ascospores. It grows on exposed boulders and is likely to be more widespread in alpine areas but rarely collected. 
4/96 (HO).
Bacidia wellingtonii (Stirt.) D.J. Galloway, New Zealand J. Bot. 21: 192 (1983) Thallus crustose, effuse, whitish or grey; U.1-"JL~Jl"''''J,U. basally constricted, superficial, to 0.6 mm with a black, plane disc and pale red-brown margin; epihymenium green, ± unchanged in K, N + vivid lilac; ascospores very tightly coiled in the ascus, filiform, tapering towards one end, 50-60 x 3-4 rm, up to 1 See Galloway (1985) for full description.
The genus Bacidia is well represented in Tasmania but most species remain unidentified pending a detailed study of Hypocenomyce scalaris (Ach.) M. Choisy, Bull. Mens. Soc. Linn. Soc. Bot. Lyon 22: 103 (1953) Thallus squamulose; squamules to 1.5 mm wide, pale beige to yellowish, discrete, scattered or imbricate, with margins incised or crenulate, usually somewhat upturned, apothecia mostly to c. 1 mm wide, brown to black, sometimes slightly bluish pruinose, with plane or undulate disc and pel'slstent, flexuose margin. Containing lecanoric acid; squamules C+ red. See Timdal (1984) for full description. This is widespread in temperate areas in both and has been recorded throughout the L.\11,C't-f",.~ll",n mainland (McCarthy 2008) . Like other members of the genus, it is typically found on eucalypt wood or bark. The presence of soredia distinguishes it from the closely related, very common H australis that occurs in identical habitats. Hafellia subcrassata Pusswald in Marbach, Biblioth. Lich. 74: 284 (2000) Thallus crustose, greyish white; apothecia black, lecideine, mostly to 1 mm wide, with disc plane to somewhat convex and margin persistent; epithecium brown, unchanged in KOH; hymenium inspersed with oil droplets; asci 8-spored; ascospores brown to grey-brown, ellipsoid, I-septate, 28-36 x 12-14 rm, with relatively weak apical, subapical and septal thickenings and a ± minutely roughened outer wall. Containing norstictic acid with traces of 4, 5-dichlorolichexanthone; microscope preparations of the thallus often develop red, needle-like crystals with the addition ofKOH. See Marbach (2000) Buellia griseovirens (Turner & Borrer ex Sm.) Almb., Bot. Not. 1952 Not. : 247 (1952 Thallus crustose, greyish white, sorediate; soralia discrete and roundish, to 0.7 mm wide, sometimes becoming confluent, concolorous with the thallus or pale to dark greenish grey; apothecia black, lecideine, to 1 mm wide, with disc mostly plane and margin persistent; hymenium lacking oil droplets; asci 8-spored; ascospores grey-brown to dark brown, ellipsoid, 18-26 x 10-12rm, submuriform, with 1-3 transverse and 0-1 longitudinal septa. Containing atranorin and norstictic acid; thallus P+ orange, K+ yellow red. See Orange et al. (1992) and Nordin (2000) Thallus crustose, creamish white, thin, smooth or somewhat scurfy, often rather patchy, diffuse; apothecia lecideine, 0.3-1 mm diam., with disc pale pink, orange or reddish brown, usually whitish grey-pruinose, at least when young, typically persistently plane and only rarely becoming convex with age; margin persistent, typically elevated above the level of the disc, with the rim pale orange to brown and the sides usually much paler, in section composed of radiating hyphae inspersed with crystals that fluoresce in polarised light but do not dissolve in KOH; hypothecium (30-) 80-110 pm thick, colourless to pale yellowish; hymenium 80-110 pm thick, colourless, with a red-brown epitheciallayer composed of granules that do not dissolve in KOH; asci 8-spored, 55-70 x 14-24 pm, of the Lecanoratype but with the masse axiale ± barrel-shaped; paraphyses 1.5-2 pm thick, wavy, simple to very sparingly branched, rather coherent in water, not capitate; ascospores hyaline, broadly ellipsoid, ovate to sometimes almost subglobose, 14-18(-20) x (8-)10-14 pm. Chemistry: pannarin (± minor), dechloropannarin (± minor), norpannarin (± trace), 3-0-methylthiophanic acid (± major), 2,5,7-trichloro-3-0-methylnorlichexanthone (minor or major), 5,7-dichloro-3-O-methylnorlichexanthone (± minor), thiophanic acid (± minor), isoarthothelin (± minor), 3-0-methylthiophaninic acid (± trace). See also Kantvilas (1988) . This is a common and widespread in wet eucalypt forest, rainforest and wet scrub where it occurs on trunks and twigs with smooth bark, including the dead canopy twigs of eucalypts. The concentration of chemical substances in this lichen is rather variable. For example, the occurrence of pannarin, which is often a diagnostic substance easily detected by spot tests reacts P+ orange), is and is often best detected in the whitish pruina young apothecia. Although relatively infrequently collected, this species is likely to be widespread in eastern Australia. Thallus areolate, whitish to cream-white to olive-grey; apothecia scattered, basally constricted, black, mostly to 0.5 mm wide; hymenium colourless, with epihymenium greenish, unchanged in K, N + red; hypothecium orangebrown, intensifying orange in K and N; ascopsores ellipsoid, 8.5-15 x 5-8 pm. Containingvicanicinandseveralxanthones; thallus C+ orange. See Rambold (1989) and Knoph (1990) for further descriptions.
Although the genus Lecidella remains poorly known in Tasmania 
Elix (HO).
Lepraria eburnea J.R. Laundon, Lichenologist 24: 331 (1992) Thallus leprose, whitish, greenish to somewhat yellowish, lacking marginal lobes. Containing alectorialic acid, atranorin (±) and barbatolic acid thallus K-, KC+ fleeting reddish, C-, P+ yellow to orange. See Laundon (1992) (2008)).
However, very few locations have been subjected to rigorous study and analysis. Exceptions include an account of the alpine flora of southwest Tasmania (Kantvilas 1995) , and a survey of Mount Sprent, a Precambrian peak in southwest Tasmania, by Kantvilas &Jarman (1991) . No inventory data exist for any dolerite peaks in Tasmania, nor for any area in northeast Tasmania, and thus the results presented here are very much a pioneering benchmark. With 234 taxa, in comparison to 141 at Mount Sprent (Kantvilas & Jarman 1991) and 981 in the whole ofTasmania (McCarthy 2008) , the diversity of lichens at South Sister is undeniably impressive. The significant numbers of new records for Tasmania also suggest the area is "special". However, these findings need to be considered against the backdrop of only limited information from elsewhere, that many of the new records are of highly cryptic taxa not easily detected without very thorough searching, or represent species that were already known to the authors from other sites but not formally recorded in the literature for various reasons. Nevertheless, these considerations should not detract from the fact the site supports several very unusual, uncommon and highly restricted lichens.
Noteworthy components of the lichen flora fall into two broad Firstly, there are that constitute C'1n-1nfMr., ..,t-range extensions of otherwise not uncommon These include Sagenidium molle, which is almost exclusively a ofclosed rainforest and occurs mainly on old Nothofagus trees; its presence at South in sheltered rock crevices, is highly unusual. There are also three primarily present: Arthroraphis citrinella var. citrinella, CJc,l1ro I Lec,l1za androgyna and Pertusariaflavoexpansa. Although these lichens are common in alpine areas ofTasmania, their occurrence at South Sister a considerable extension of range. Like S. molle, species probably represent relicts from a time when the vegetation and microclimate were considerably moister and cooler.
The second category of noteworthy records comprises genuinely rare Three Coccocarpia erythroxyli, C. pellita canobolasensis, were nominated for inclusion on register of rare and threatened flora under the Tasmanian Threatened Species Protection Act 1995 lln'IIAf~lll',r with wall Coccocarpia pellita: This species is widely distributed in tropical and subtropical regions of the world (Arvidsson 1983) and, like the preceding species, its discovery in Tasmania represents the most southerly occurrence of this species in the world. It grows on rocks in sclerophyll forests but is never common, being represented at best by a few isolated thalli.
Lecanactis sp.: This is almost certainly a new species, closely related to the common rainforest epiphyte, L. abietina (Ach.) Korber, but differing by its yellowish leprose thallus containing schizopeltic, lecanoric and porphyrilic acids. It grows on rocks in sheltered crevices and underhangs, and has also been collected at Den Hill, southeastern Tasmania. It is clearly a very rare species, not treated in the revision of the genus for Tasmania by Kantvilas (2004) . was not recorded during a statewide survey of the family (Kantvilas et al. 2002) and is known elsewhere only from Flinders Island (where it is locally common) and a single locality in New Zealand. 
Threats
Threats to lichens in aTasmanian context have been discussed by Brown et al. (1994) and Kantvilas (2000) , highlighting habitat destruction (through and other changes in land management) and fire as being of greatest importance in the natural environment. For non-vascular plants, fragmentation of continuous tracts of natural vegetation is also an important factor that has been widely recognised and quantified, particularly in Europe (Coppins & Coppins 2002) . The broad-scale environment ofSouth Sister, although natural, has been subjected to human and fire for a considerable period of time, and so can hardly considered
PLATE 3
Coccocarpia erythroxyli, an epiphytic species locally abundant in wet scrub.
"virgin". However, localised parts of the site, such as the rock scree, tors and pockets ofwet scrub, where no useable forest products occur and where fire protection is greatest, are for all intents and purposes "pristine". These are the microhabitats where most ofthe lichens ofgreatest scientific or conservation interest are to be found. One noteworthy but previously undocumented threat in the natural Tasmanian landscape, and one that is dramatically evident at South Sister, is the impact of toxic metals leaching from galvanised structures. This effect was first brought to our attention by Tim Rudman (pers. comm.) who observed it at Devils Gullet (northern Tasmania). The impact on the lichen flora can be dramatic, not least at South Sister. At the smallest scale, such as under pipes and fences, the result can be the total elimination of all lichens (pI. 4). On a larger such as around buildings, there is a wholesale replacement of the natural lichen associations, dominated by species of the Parmeliaceae and crustose lichens such as Ramboldiapetraeoides and Lecanorafa rinacea, by associations generally connected with pollution and nutrient enrichment.
Here the dominant species are Acarospora veronensis and Lecanora polytropa. Given the patchy occurrence of m~ny of the more interesting and rarer lichen the impact of galvanised structures and the resultant metal pollution on the flora values of the site could be critical.
Epilogue: the bushfire of December 2006
The South Sister area was burnt by a severe and extensive bushfire in early December 2006 (see http://www.southsister. org/articles7/fire3.htm for images and details). The study site was revisited in November 2007 to ascertain the impact of the fire on the lichen flora.
In fires affect the lichen flora either causing loss or damage to lichen macrohabitat (Nyl.) 
PLATE 4 impact ofgalvanised steel on lichens. (A) Band oflichen death in the drip zone and run-off beneath a cable (right) and even beneath a small bolt (left). (B) Detail
